10 and 27 SU(3) multiplets of hexaquarks states with baryon number B = 2, known as dibaryons, are considered. Previous analyses are complemented and sum rules for strong decay amplitudes with SU(3) symmetry violation up to the first order are determined for the 10 and 27 dibaryon multiplets into a baryon octet plus a baryon decuplet and for the dibaryon 27 into two baryon octets.
I. INTRODUCTION
A dibaryon denotes a sextaquark state with baryon number B = 2. The first known dibaryon has been the deuteron discovered in 1932 [1] . In 1963, Oakes [2] examined the role of deuteron in the "eightfold way" [3, 4] and found that it belongs to the irreducible representation 10 * resulting from the SU(3) decomposition of two baryon octets, 8 ⊗ 8.
Interest in the study of dibaryons rose in 1977 when Jaffe [5] predicted the so-called Hdibaryon, a bound ΛΛ system containing two strange quarks. Diverse amount of predicted states triggered a worldwide rush of experimental dibaryon searches [6] [7] [8] . Recently, two groups announced that lattice QCD calculations [9] [10] [11] provide evidence for a bound Hdibaryon, as predicted. Despite the historical difficulties in the experimental search for multi-quarks states, tetraquarks (q 1q2 q 3q4 ) and pentaquarks (q 1 q 2 q 3 q 4q5 ) systems have been recently observed [12, 13] . Moreover, WASA at COSY collaboration have finally confirmed solid evidence for the existence of a dibaryon [14, 15] , denoted d * (2380). Theoretical models and analysis of experimental data have also suggested possible existence of dibaryon states belonging to 8 [16] and 27 [17, 18] SU (3) representations.
It is in this context that the study of sum rules for decay amplitudes turns out to be helpful in the hunting for possible multi-quark states.
A dibaryon has a total of six quarks, for it to be a color singlet it must be a baryon-baryon state and its SU(3) properties depend on the SU(3) properties of the two baryon it is made of. If both baryons are octets, then the SU(3) transformation properties of the dibaryon can be 1, 8, 10, 10 * , or 27. If one of the baryons is an octet and the other one is a decuplet then the dibaryon can transform as 8, 10, 27, or 35.
Flavor SU(3) symmetry breaking effects up to the first order are taken into account in
Refs. [19, 20] and sum rules are calculated for strong decays of dibaryon octet 8 (denoted into two baryon octets, D 10 * ,10 → B 8 + B 8 , are reported in Ref. [21] .
In this paper, analyses of Refs. [19] [20] [21] are complemented. Sum rules for strong decays amplitudes with first order breaking of the SU(3) symmetry are determined for dibaryon multiplets 10 (D 10 ) and 27 (denoted D 27 ) into a baryon octet plus a baryon decuplet, Consider a two body decay, a → b + c, of an initial state |a ≡ |µ a , n a into |b ≡ |µ b , n b plus |c ≡ |µ c , n c , where µ is the belonging representation of the corresponding state and n = (Y, I, I 3 ) collectively denotes its quantum numbers of hypercharge, isospin, and the third component of isospin, respectively. The decay amplitude is given by the matrix element
where H int is the interaction Hamiltonian. Final composite state has been expanded by using SU(3) Clebsch-Gordan coefficients following notation of Ref. [22] . In the flavor SU(3) symmetry limit, that is, with H int = H st , the matrix element appearing in second line of general expression (1) satisfies
where g 0 µγ is a coupling constant parameter.
To apply the octet "spurion" formalism in this case, define a fictitious state as the Y = 0, With H int = H ms , the matrix element in second line of (1) is then given by:
Now, it is the initial composite state, |S 8 |µ a , n a , that has been expanded by using ClebschGordan coefficients. ν τ goes through all representations in 8⊗µ a , quantum numbers n = n a due to n S = (0, 0, 0), and g ντ is a coupling constant parameter.
From the previous analysis, the general expression of the decay amplitude that includes violations up to first order of the SU(3) flavor symmetry is obtained from Eqs.
(1) to (3) with
first line in the right hand side corresponds to the SU(3) symmetry limit and second line to III.
Strong decays of dibaryons in the decuplet into an octet plus a decuplet of baryons,
Decay amplitudes in first order SU(3) breaking will be obtained from Eq. (4) . In this case,
, |b = |8, n B ≡ |B , and |c = |10, n R ≡ |R , so that, µ a = 10, µ b = 8, and µ c = 10. Therefore, decompositions of composite final state (µ b ⊗ µ c ) and spurion-initial particle (8 ⊗ µ a ) product representations are the same:
no repeated representations are present in these expansions so that indexes γ and τ are not necessary here.
General formula (4) reduces in this case to:
with µ = 8, 10, 27, 35. In exact SU(3), only one parameter, g By the use of Eq. (6) and following sign conventions for SU(3) Clebsch-Gordan coefficients from Ref. [22] , it is found that there are 13 linearly independent decay amplitudes, they are taken as:
Relationships for the remaining non-zero dependent amplitudes in terms of the independent ones are given in Sec. A 1 of Appendix A.
The 13 independent decay amplitudes are given in terms of the 5 parameters g 0 10 , g 8 , g 10 , g 27 , and g 35 , consequently, 8 sum rules in broken SU(3) can be established:
IV.
Strong decays of dibaryons in the 27-multiplet into an octet plus a decuplet of baryons,
SU (3) first order breaking decay amplitudes are given by Eq. (4). In this case, |a =
and µ c = 10. Therefore,
in this case, index γ is not necessary because there are no repeated representations in this expansion. Also,
so that, index τ is necessary due to the double appearance of the 27.
General expression (4) reduces to
with µ = 8, 10, 27, 35, and ν τ = 8, 10, 10 * , 27, 27 , 35, 35 * , 64. In exact SU(3), one parameter, g From Eq. (24) and Ref. [22] , there are 22 linearly independent decay amplitudes that can be taken as:
Relationships for the remaining non-zero dependent amplitudes in terms of the independent ones can be found in Sec. A 2 of Appendix A.
The 22 independent amplitudes are described by 6 parameters, so, 16 sum rules can be established:
Strong decays of dibaryons in the 27-multiplet into two baryon octets,
Decay amplitudes with first order SU(3) symmetry breaking are obtained from Eq. (4).
In this case, |a = |27, n D ≡ |D 27 n D
, |b = |8, n B ≡ |B , and |c = |8, n B ≡ |B , so that,
For sake of clarity, a prime is placed on the baryon in second octet, but it is understood that B and B are identical baryons. Here,
index γ is necessary because the octet appears twice in this expansion. Also,
and index τ is also necessary due to the double appearance of the 27.
with it is important to consider symmetry properties under interchange of the two final baryons.
Both cases, antisymmetric and symmetric final state, will be analyzed separately.
Flavor-antisymmetric final state
Sum rules for the strong decays of the 27-plet of dibaryons (Fig. 4) into a flavorantisymmetric final state of two ordinary J P = (1/2) + baryon octets (Fig. 2) are determined.
As mentioned above, in this case, the corresponding decay amplitudes will be described by 3 parameters, g 8 , g 10 , and g 10 * , all of them from first order SU(3) symmetry breaking.
From Eq. (54) and Ref. [22] , there are 10 linearly independent decay amplitudes, they can be chosen as:
Relationships for the remaining non-zero dependent amplitudes in terms of the independent ones are given in Sec. A 3 (a) of Appendix A.
Since the 10 independent decay amplitudes are described by three parameters, seven SU(3) broken sum rules may be established:
Flavor-symmetric final state
Now, sum rules for SU(3) symmetry breaking decays of dibaryons in the 27 (Fig. 4) into a flavor-symmetric final state of two baryon octets (Fig. 2 ) are calculated. As described at the beginning of this section, four coupling constants are involved in this case: g 0 27 from exact SU(3), and g 8 , g 27 , and g 27 , from SU(3) breaking.
From Eq. (54) and Ref. [22] , there exist 14 linearly independent decay amplitudes:
Relationships for the remaining non-zero dependent amplitudes in terms of the independent ones are given in Sec. A 3 (b) of Appendix A.
The 14 independent amplitudes are described by four parameters and ten SU(3) broken sum rules may be deduced:
VI. SUMMARY AND CONCLUDING REMARKS
If a dibaryon is made of two baryon octets, its SU (3) Table I .
Experimentally, in each decay the width Γ determines the decay amplitude G since Γ ∝ |M| 2 (with M the Feynman invariant amplitude) and M ∝ G. Notice that although dibaryons in the 10 and 27 multiplets are very unlikely to be stable, some of the decay modes may be kinematically forbidden and the corresponding decay amplitude would be zero, which would simplify sum rules where it appears.
It is worth noting that with appropriate changes, sum rules determined here and in previous works [19] [20] [21] 23] apply to decays of other multiquark states like tetraquarks and pentaquarks. This subject will be studied separately.
Appendix A DEPENDENT DECAY AMPLITUDES
Expressions for linearly dependent non-zero decay amplitudes in terms of the chosen independent ones are given. These relationships were determined by following the sign convention for SU(3) Clebsch-Gordan coefficients from Ref. [22] .
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